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PreviewsAdhere Upright: A Switchblade-like
Extension of b2 Integrins
In this issue of Immunity, Nishida et al., (2006) demon-
strate a spectrum of dynamic conformation changes,
from a bent form to extended forms, in extracellular
domains in aXb2 and aLb2 upon separation of the
a and b subunits, providing structural evidence for
activation of leukocyte integrins.
Unstimulated leukocytes are nonadherent, yet become
adhesive to other cells and extracellular-matrix proteins
within a short time period in response to chemokine or
antigen encounter. Fundamental to this process is the
ability of integrins to alter their adhesiveness through
an intracellular signaling process referred to as inside-
out signaling. This pathway ultimately modulates integ-
rin-ligand binding affinity (affinity modulation) and/or
clustering on the cell surface (valency modulation).
Inside-out signals impinge on integrin cytoplasmic do-
mains and make the extracellular domain competent
for ligand binding. This property enables lymphocytes
to rapidly respond to foreign antigens or chemoattrac-
tants to activate adhesion, direct cell migration, and form
immunological synapses (Carman and Springer, 2003)
(Dustin et al., 2004). One of major unresolved issues in
integrin-regulated adhesion is how integrin adhesiveness
is modulated structurally and spatially in response to sig-
nals in the environment. In this issue, Nishida et al., (2006)
demonstrate distinct conformational changes—which
may underlie dynamic changes of leukocyte adhesion
behavior—of extracellular domains in aXb2 and aLb2 from
the bent form to the extended forms by separating the
C-terminal ends.
The overall integrin structure resembles a ‘‘head’’ con-
nected to two ‘‘legs’’ (Figure 1A). The a subunit com-
prises an N-terminal b-propeller at the top, followed by
three b sandwich modules (thigh, calf-1, calf-2). The
b subunit comprises an N-terminal plexin, semaphorin,
and integrin (PSI) domain, followed by a b sandwich
hybrid domain, a b I domain, four epidermal growth
factor (EGF) repeats, and a b-tail domain. Half of the 18
integrin a subunits (a1, a2, a10, a11, aL, aM, aX, aD, aE) also
include in their a subunits an I domain (a I domain) in-
serted through short linkers into the upper face of the
b-propeller. Where present, this domain is the major site
of ligand binding. The major site of ligand recognition of
integrins that lack the a I domain is the top face of the
b I domain and the loops on the upper surface of the
b-propeller. Both the aI and the b I domain contain
a metal-ion-dependent adhesion site (MIDAS), where
a divalent metal is coordinated by a ligand’s acidic
residue (Hynes, 2002).
Recent structural studies of integrins that lack the I
domain have led to a general model of integrin conforma-
tional changes (Takagi and Springer, 2002); in the low-
affinity conformation, the leg region is acutely bent at
the ‘‘genu’’ (knee) between the thigh and calf-1 domainsand between the I-EGF1 and I-EGF2, with the ligand-
binding headpiece in close proximity to the membrane-
proximal leg region, topologically pointing toward the
plasma membrane. The switchblade-like extension of
the leg regions shifts the molecule to the intermediate-
or high-affinity conformations in a manner dependent
on the orientation of the b I domain and hybrid domain.
In a ‘‘closed’’ conformation, the b I makes an acute angle
with the hybrid domain, and in an ‘‘open’’ high-affinity
conformation, the outward motion of the hybrid domain
occurs, making an obtuse angle with the b I domain.
Therefore, the extension of the leg piece and the orienta-
tion between the hybrid and b I domains of the headpiece
are the key translators for converting global conforma-
tional changes into regulation of affinity. Although a bent
conformation may not be equated with low-affinity bind-
ing in all situations (Adair et al., 2005), the extension is
thought to be particularly relevant in cell-cell adhesion
mediated by leukocyte integrins.
Nishida et al. (2006) demonstrate with soluble re-
combinant aXb2 and aLb2 that both of them show three
distinct conformations: a bent conformation and ex-
tended conformations with closed or open states of the
headpiece (Figure 1B), as reported in integrins that lack
I domains. When the entire extracellular domains of
a and b subunits were linked via a disulfide bond and
coiled-coil sequences fused at the C-terminal ends
(‘‘clasped’’ form) in order to make a soluble a/b hetero-
dimer,aXb2 predominantly showed V shaped bent forms.
Compared with aXb2, clasped aLb2 appears to be more
relaxed in conformation, showing both the bent (55%)
and the extended, closed (45%) forms. This is in line with
the characteristics ofaXb2, which requires stronger cellu-
lar activation for adhesion than other members of b2 in-
tegrins. Removal of the C-terminal clasp (‘‘unclasped’’)
of aXb2 increased extended forms with the closed
(50%) and open (25%) headpiece with the rest remaining
bent. Unclasping of aLb2 also increased the extended,
open conformation. These results are in a good agree-
ment with those of integrins without the a I domain, and
they support a coherent model of integrin conforma-
tional changes through the bent and the extended,
closed to the extended, open states (Takagi and
Springer, 2002). Because these distinct states can coex-
ist under defined conditions, the conformational changes
are not all-or-nothing responses, but should be regarded
as equilibriums among multiple states (Figure 1B). Thus,
in basal states, integrin molecules are continually flexing
(‘‘breathing’’) to some degree; and close associations
of the leg-piece regions prefer the bent form, and their
separation shifts an equilibrium toward the extended
forms. The equilibrium points may differ in integrin family
members. A b2 monoclonal antibody (CBR LFA-1/2),
which stimulates adhesion by binding an epitope in the
I-EGF3 domain, separated a and b leg regions and in-
duced or stabilized extended conformations. Thus, dis-
ruption of the interaction of the a and b cytoplasmic
tails by inside-out signals probably leads to a loss of
the interactions between the leg regions, resulting in re-
positioning of the ligand-binding headpiece pointing
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522away from the plasma membrane. The b I domain also
plays a regulatory role in this conformational-change re-
lay. The treatment of aXb2 with a small-molecule antago-
nist, XVA143, greatly increased extended conformations
predominantly with the open state. This is consistentwith
the proposed mechanism of XVA143: acting on the
MIDAS of the b I domain and leading to the b I activation
with the hybrid domain swing-out while inhibiting activa-
tion of the a I domain (Shimaoka et al., 2003). The b I and
hybrid domains may serve as a switch in transmitting the
conformational signals from the cytoplasmic tails to the
a I domain by inside-out signals.
The ligand-binding aL I domain has three affinity
states (low, intermediate, and high affinity) with distinct
conformations depending on its C-terminal a helix
(Shimaoka et al., 2002). The bent form represents low-
Figure 1. Structure of b2 Integrin
(A) Schematic representation of the b2 integrin. The head region
comprises the a I domain and b-propeller domain of the a subunit
(pink) and b I domain of the b subunit (blue). The leg region com-
prises the thigh, calf-1, and calf-2 of the a subunit and the hybrid
domain, N-terminal PSI, four I-EGF repeats, and the b-tail domain.
Both subunits have a transmembrane domain and short cytoplasmic
tail. A MIDAS is indicated by red spheres.
(B) Equilibrium of the bent (low-affinity) and extended conformations
with the ‘‘closed’’ (intermediate-affinity) and the ‘‘open’’ (high-affin-
ity) states. Equilibrium is modulated by separation of the cytoplasmic
tails. The extended, open, high-affinity conformation is induced and
stabilized by separation of the a and b cytoplasmic and leg regions.
The flexible joints at the genu and between I-EGF1 and I-EGF2, as
well as at the b I/hybrid domain interface, are indicated by red circles.
The upright and outward motions of the extracellular domains and
the hybrid domain in transition from the bent to the extended and
from the closed to the open states are indicated by thick arrows.affinity states, and extended, closed and extended,
open conformations likely represent the intermediate-
and high-affinity states. It is not clear at present how
leg-piece extension relays signals to induce the inter-
mediate affinity, because b I and hybrid domain orienta-
tions were either ‘‘open’’ or ‘‘closed’’ without evidence
for apparent intermediate conformations. In contrast,
the genu appears to be much more flexible, suggesting
that a possible fine-tuning of affinity and/or accessibility
to ligands occurs through unbending.
The current study gives convincing evidence to sup-
port a unifying model of global conformational changes
from the bent to the extended, closed to the extended,
open upon activation among distantly related members
of integrins, and it further suggests that extended con-
formations induced by separation—triggered by inside-
out signals transmit allostery to activate the ligand-bind-
inga I domain—of the leg and cytoplasmic domains. This
modality of integrin activation may explain rolling and
firm adhesion with endothelial venules, as well as inter-
actions with antigen-presenting cells. In support of this
notion, a recent study suggests rapid extensions of
aLb2 by chemokines (Shamri et al., 2005).
This study sets a framework of future studies to exam-
ine which conformations are induced by physiological
stimuli to mediate responses to dynamic leukocyte ad-
hesion and what intracellular signaling regulates these
processes. Because distinct conformations of aLb2 have
different mobilities (Cairo et al., 2006), affinity and con-
formational regulation coordinated with spatial changes
of integrins may play a pivotal role in cell migration and
immunological-synapse formation. Addressing these
issues will shed light on crucial roles of integrins in
immunological surveillance and antigen response.
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